We investigated the long-term effects of a single intramuscular administration of amoxicillin (15 mg kg
Antibiotics have been used for decades and have allowed control of ancient scourges, but their enormous and uncontrolled use has led to the development of many resistant bacterial strains, causing problems in many hospitals (Leeb, 2004) . Antibiotics have been widely used in livestock, to maintain the production and to foster the growth of animals (Nathan, 2004) . The European Union has therefore prohibited the use of antibiotics as in-feed growth promoters starting from 2006. However, prophylactic and therapeutic veterinary use has not been affected in any way. It is common in farm animal veterinary practice, especially in the pig sector, to administer antibiotics to prevent infections caused by staphylococci and streptococci. The influence of amoxicillin on human intestinal microbiota has been investigated in several studies. When oral amoxicillin was administered to healthy human volunteers in different doses (250 mg 3 Â daily, 500 mg 3 Â daily for 7 days or 1000 mg 2 Â daily for 14 days), a minor decrease in streptococci and staphylococci within the aerobic intestinal microbiota was observed by selective plating concomitant with reduced numbers of total aerobic bacteria. Overgrowth of enterobacteria, with emergence of resistance against amoxicillin, was also observed (reviewed by Sullivan et al., 2001) . Nevertheless, only a limited number of studies has assessed the prolonged impact of antibiotic treatment on gut microbiota. Recently, de la Cochetière et al. (2005) reported a decrease in temporal temperature gradient gel electrophoresis profile similarities after 5-day oral administration of amoxicillin (500 mg 3 Â daily), confirming changes in the human fecal bacterial community.
In this study, we applied denaturing gradient gel electrophoresis (DGGE) of 16S rRNA gene fragments that were PCR-amplified from piglet colon content samples to confirm our hypothesis that long-acting antibiotic treatment causes changes in gut microbiota, which persist even after the antibiotic is degraded.
German Landrace piglets from six litters were used in the experiment. Piglets in one treatment group of three litters received intramuscular injection of long-acting amoxicillin (Amoxicillin LA, Ceva, Dü sseldorf, Germany) (15 mg kg À1 day À1 ) on the first day of life; the other piglets from the other treatment group (also three litters) received no antibiotics. Separate litters were taken in the experiment to prevent contact of untreated animals with the antibiotic and its metabolites excreted by treated animals. Sows from each group were kept in separate stands in one room, and untreated and treated groups had no contact with each other. All piglets were kept with their mother until weaning on the 28th day of life without creep feed. After weaning, piglets from each litter were placed in one pen and were offered water and starter diet (Table 1) ad libitum. Mean weights of piglets reached 10.971.3 and 10.771.1 kg in control and treated group, respectively, at day 39. On day 39, three piglets per pen were randomly selected, killed with intracardial injection of T61 (Intervet, Unterschleissheim, Germany) and dissected, and colonic digesta (from proximal 40-50 cm of the spiral colon) was collected. All procedures involving animal handling and treatment were approved by the Committee for Animal Use and Care of the Agricultural Department of Mecklenburg-Western Pomerania, Germany, according to the German Law for Animal Protection.
We used 16S rRNA gene-targeted PCR-DGGE to assess changes in the diversity of the intestinal microbial community in response to antibiotics administration. This method has been successfully used for several years in the research area of porcine gut ecology (Simpson et al., 1999 (Simpson et al., , 2000 McCracken et al., 2001; Konstantinov et al., 2004) even though it allows estimation of only dominant bacterial populations of the complex intestinal ecosystem owing to DNA extraction sensitivity and PCR-bias (Muyzer and Smalla, 1998) .
Genomic DNA from colonic digesta was extracted using a SpinKit for Soil as described in detail by Janczyk et al. (2007) . Bacterial 16S rRNA gene fragments were amplified using primers S-D-Bact-0968-a-S-GC and S-D-Bact-1401-a-A-17 (Nü bel et al., 1996; Felske et al., 1998) (synthesized by Invitrogen, Paisley, UK) and separated by DGGE on gels with a gradient of 40-65% as described previously (Konstantinov et al., 2004; Janczyk et al., 2007) . DGGE images were analyzed applying the AlphaEaseFC software Version 4.0.0 (Alpha Innotech Corporation, San Leonardo, CA, USA). Figure 1 shows an example of DGGE fingerprint of PCR amplicons from four animals from each group that were randomly selected. In our study, the number of bands was significantly lower in the Parenteral antibiotic affects intestinal microbiota P Janczyk et al group treated with amoxicillin than in the untreated group (9.074.34 and 14.474.39, respectively, P ¼ 0.021). In order to compare DGGE profiles with respect to richness (number of bands) and evenness (relative intensity of bands), Shannon diversity indices (H 0 ) were calculated as described (Janczyk et al., 2007) . Differences between calculated single values were compared by one-factorial analysis of variance with following post hoc HSD Tukey's test (STATISTICA Version 6.0), and difference of Po0.05 was considered significant. H 0 was significantly lower in treated animals as compared to the untreated control group (0.7970.192 vs 1.037 0.165, respectively, P ¼ 0.012). Thus, parenteral antibiotic administration caused a shift in gut bacterial population towards decrease of the diversity and richness of the bacterial community.
To identify the bacteria corresponding to the most dominant bands in the DGGE profiles, bands of different intensity (Figure 1 , letters a-h) were excised with a sterile needle and added to a tube with 80 ml of sterile Millipore water. Reamplification, purification of PCR products and sequencing were conducted as described by Janczyk et al. (2007) . Curated sequences were submitted to NCBI BLASTN searches (Altschul et al., 1997) and have been deposited at the GenBank database under accession numbers EF378630-EF378637.
The population corresponding to the most dominating band apparent in all animals in the control group, but to a much lesser extent in animals receiving the antibiotic, was most closely related to Roseburia faecalis, a bacterium belonging to Clostridium cluster XIVa that contains butyrate producing bacteria (Duncan et al., 2002 (Duncan et al., , 2004 . Although another band (g), indicative of a butyrate-producing bacterium, was only observed in two of the treated animals, our results overall indicated a strong negative effect of parenteral long-acting amoxicillin on butyrate-producing populations related to Roseburia species. Interestingly, de la Cochetière et al. (2005) observed an appearance of bands matching other Clostridium cluster XIVa bacteria, Clostridium nexile and Ruminococcus torques 3 and 4 days after commencing antibiotic treatment, which were absent before amoxicillin was introduced and after the end of the treatment, on days 30 and 60. This apparent effect of amoxicillin treatment on individual populations of butyrate producing bacteria in colon has not been previously investigated and should be the subject of further studies aiming at its functional implications for the developing gut ecosystem.
An opposite observation could be made for several other bands, including band 'e' (Figure 1 ). The sequencing of this band, which showed higher relative intensity in the antibiotic treatment group, revealed presence of a population most closely related to Shigella spp., different strains of Escherichia coli, including O157:H7 and Salmonella enterica serovar Typhi (100% similarity in all cases).
In pigs, lactobacilli are assumed to play a major role, while bifidobacteria are present to a lesser extent (Loh et al., 2006) . The recently isolated Lactobacillus sobrius is an abundant member of the porcine intestinal microbiota (Konstantinov et al., 2006a, b) . A band corresponding to L. sobrius was apparent only in the untreated group, albeit as a band of moderate intensity. This suggests that the antibiotic administration caused a reduction in the relative abundance of this species to values below the sensitivity of the method, similar to the R. faecalis-related population. In the present study, we focused on the influence of intramuscularly administered long-acting amoxicillin on intestinal microbial diversity. We could show that a single intramuscular dose led to significant changes in the lumen gut microbiota of newborn piglets, which persisted well beyond clearance of the antibiotic from the pig. Considering the observed alterations, it is worth reconsidering the prophylactic administration of broad spectrum antibiotics directly after birth.
